Background: Randomized trials can compare economic as well as clinical outcomes, but economic data are difficult to collect. Linking clinical trial data with Medicare claims could provide novel information on health care utilization and cost. Methods: We linked data from Medicare claims of women ≥65 years old who had Medicare fee-for-service coverage with their clinical data from the Women's Health Initiative trials of conjugated equine estrogens plus medroxyprogesterone acetate (CEE+MPA) versus placebo and of CEE-alone versus placebo. The primary outcome was total Medicare spending during the intervention phase of the trial, and the secondary outcomes were spending on diseases hypothesized a priori to be sensitive to the effects of hormone therapy. Results: In the CEE+MPA trial, 4,557 participants ≥65 years old were included. Women randomly assigned to CEE +MPA had 4% higher mean Medicare spending overall ($45,690 vs $43,920, P = .08) but 0.5% lower spending for hormone-sensitive diseases ($3,526 vs $3,547, P = .07), with 73% higher spending for coronary heart disease (P = .045) and 122% higher spending for pulmonary embolism (P = .026). In the CEE-alone trial, 3,107 participants were included. Total spending among women randomly assigned to CEE was 3.3% higher ($75,411 vs $72,997, P = .16), and 1.7% higher spending for hormone-sensitive diseases ($5,213 vs $5,127, P = .57), but with 39% lower spending for hip fracture (pb0.03). Conclusions: Menopausal hormone therapy increased spending for some diseases, but decreased spending for others. These offsetting effects led to modest (3%-4%), nonsignificant increases in overall spending among women aged 65 years and older.
the WHI studies, and their reliability in identifying several key clinical outcomes has been established. [8] [9] [10] [11] The linked WHI Medicare data also provide information that would otherwise be unavailable about health care utilization and health care costs among WHI participants. The impact of hormone therapy on economic outcomes has not been documented in a clinical trial, so the purpose of this study was to compare Medicare spending among women aged 65 years and older who were randomized to menopausal hormone therapy or to placebo in the WHI.
Methods
The 2 parallel WHI hormone trials used different interventions based on whether participants had undergone a hysterectomy prior to randomization. Eligible postmenopausal women with an intact uterus were randomized to either conjugated equine estrogens plus medroxyprogesterone acetate (CEE+MPA) or placebo, whereas women with a prior hysterectomy were randomized to either conjugated equine estrogens or placebo (CEE-alone). The methods and main results of these trials have been previously described [12] [13] [14] [15] [16] [17] [18] and are summarized in the Appendix. The analytic cohort for this study consisted of women aged 65 years and older at randomization who had Medicare Parts A and B coverage, the traditional fee-for-service portion of Medicare. Trial data from WHI participants were securely linked with each participant's Medicare claims data using social security numbers, dates of birth and, in some cases, dates of death or residential zip codes. Health care spending was obtained from carrier claims (physician and supplier files [Part B]), inpatient and skilled nursing facility claims (Medicare Provider Analysis and Review files [Part A]), outpatient claims (data submitted by institutional outpatient providers, such as hospital outpatient departments and ambulatory surgery centers), hospice, home health, and durable medical equipment claims.
The primary outcome for this study was the cumulative Medicare spending for each participant from date of randomization to the end of the intervention phase of the WHI hormone trial in which she was enrolled. The secondary outcomes were cumulative spending for diseasespecific categories hypothesized a priori to be sensitive to hormone therapy based on the trials' "global index": coronary heart disease, stroke, pulmonary embolism, invasive breast cancer, endometrial cancer, colorectal cancer, and hip fracture (see Appendix Table II for diagnosis codes); cumulative spending across all disease categories in the global index; and cumulative spending for each participant to the end of follow-up, including spending after the conclusion of the intervention phase of the WHI hormone trial.
We tested for differences in cumulative spending during the intervention phases of the trials using the nonparametric Wilcoxon rank sum test. We also described cumulative total spending over time using an actuarial method adapted for cost data, 1 which is analogous to the Kaplan-Meier method for binary end points to accommodate variable follow-up with censoring, and used 1,000 bootstrapped samples to obtain 95% confidence limits (CLs). Patients were censored from the analysis at the time of loss of continuous Medicare Parts A and B coverage, or study withdrawal, or death. Follow-up in the intervention phase was defined as from randomization (between 1993 and 1998) to July 7, 2002 , for the CEE +MPA trial and from randomization to February 29, 2004, for the CEE-alone trial. Participants continued to be followed in Medicare data until December 31, 2012. Spending was adjusted to 2016 US dollars using the global Consumer Price Index, but was not discounted.
Results

CEE+MPA trial
In the CEE+MPA trial, 7,303 of the total 16,608 participants were aged 65 years or older at randomization, with 93% enrolled in Medicare. A total of 4,557 participants, 62% of those age-eligible, had Medicare Part A and Part B coverage and formed the analytic cohort ( Figure 1 ). Study participants were generally similar to the remaining age-eligible women randomized in the CEE+MPA trial (Table I) , although they were more likely to be white (92% vs 85%) and taking aspirin (28% vs 26%) and less likely to be taking statins (9% vs 11%) and hormone therapy at study entry (2% vs 5%). Baseline clinical characteristics of the study participants were also similar between women randomized to hormone therapy or to placebo (Appendix Table III ), although there were small imbalances in history of MI and stroke.
The study participants had a median follow-up during the intervention phase of 5.1 years (25th-75th percentiles = 4.3-6.0 years), with 669 women (14.7%) censored due to loss of Medicare fee-for-service coverage (324 assigned to CEE+MPA, 345 assigned to placebo). Overall Medicare spending was slightly (4%), but not significantly, higher among those assigned to CEE+MPA therapy (mean $45,690) than to placebo (mean $43,920, P = .08) (Table II) . Using the actuarial (life table) method (Figure 2) , cumulative spending at 7 years was $59,076 (CL $51,391-$67,257) in the CEE+MPA group and $56,567 (CL $49,263-$64,256) in the placebo group. Spending for the diseasespecific categories in the "global index" did not differ significantly (0.5% lower in the CEE+MPA group, P = .07) (Table II) , but spending on these diagnoses comprised only 8% of overall Medicare spending ( Figure 3 ). Spending for pulmonary embolism was 122% higher (P = .026) and spending for coronary heart disease was 73% higher (P = .045) in the women assigned to CEE+MPA therapy (Table II) .
Combining data from the intervention phase with postintervention phase provided a median follow-up of 14.4 years (interquartile range 8.6-15.8 years). Overall spending was 0.6% higher in the women assigned to CEE+MPA ($191,313 vs $190,195 , P = .36), with 24% higher spending on breast cancer (Table III, Figure 4) . A landmark analysis of costs after the end of the active intervention phase showed no significant differences in either overall spending or spending on the diseases in the global index of hormone-sensitive diseases (Appendix Table IV ).
CEE-alone trial
In the CEE-alone trial, 4,943 of the total 10,739 randomized participants were 65 years of age or older, with 93% enrolled in Medicare. A total of 3,107 women, 62% of those age-eligible, had coverage in Medicare Parts A and B and formed the analytic cohort ( Figure 1 ). Study participants were generally similar to the remaining age-eligible women in the CEE-alone trial (Table I) , apart from being slightly older (70.3 vs 70.1 years), more likely to be taking aspirin (28% vs 26%), and less likely to be taking hormone therapy at entry (7% vs 12%). The baseline characteristics of randomly assigned study participants were quite similar except that more women assigned to CEE were 20 or more years since menopause (Appendix Table II ).
The study participants had median follow-up during the intervention phase of 6.7 years (interquartile range 5.8-7.5), with 537 of women (17.3%) censored because of loss of Medicare fee-for-service coverage (260 assigned to CEE, 277 assigned to placebo). Overall cumulative Medicare spending was slightly (3%) but not significantly higher among participants assigned to CEE therapy (mean $75,411) compared with placebo ($72,997, P = . spending in the global index of disease categories hypothesized to be sensitive to hormone therapy was 1.7% higher (P = .57) among women assigned to hormone therapy, but this spending comprised only 7% of overall spending ( Figure 3 ). Spending within the individual disease categories was 39% lower for hip fracture (P = .029) among women assigned to CEE therapy (Table II) . Cumulative spending over the entire follow-up (median 13.5 years, interquartile range 7.6-15.7 years), including the intervention and postintervention phases, was 3.2% higher in the CEE-assigned women (P = .40), with no significant differences in the global index or any disease category (Table III, Figure 4) . In a landmark analysis of costs after the completion of the active intervention phases of the trials, there was no difference in overall spending or spending on the global index of hormone-sensitive diseases (Appendix Table III ).
Discussion
Linkage of data from randomized clinical trials with Medicare claims provides additional information about the outcomes of trial participants. In this study, we used linked data to document Medicare spending among age-eligible WHI trial participants, a valuable outcome measure that was not collected as part of the original trial protocol. Hormone therapy increased overall Medicare spending only slightly and nonsignificantly (by 3% to 4%) during the intervention phases of the WHI clinical trials. Disease-specific spending, however, was more greatly affected by hormone therapy and generally paralleled the clinical outcomes of hormone therapy. Spending for pulmonary embolism, for example, was increased by 122% during the intervention phase among participants assigned to CEE+MPA therapy, consistent with the 98% increase in pulmonary embolism found in the trial, 19 and spending on coronary heart disease was increased by 73%, in line with the 18% increase in these outcomes during the trial. Similarly, spending on hip fracture was decreased by 39% among women assigned to CEEalone therapy, reflecting the 33% lower rate of hip fractures in the CEE-alone trial. The mixed effects of hormone therapy on clinical outcomes led to increased spending for some disease categories and decreased spending for other categories such that the offsetting effects led to a smaller net impact of hormone therapy on spending overall and for the global index of hormone-sensitive diseases.
Another reason for the relatively small, 3% to 4% effects of hormone therapy on overall spending was because N90% of all spending was for diagnoses that were unlikely to be affected by use of hormone therapy (Figure 3 ). This result is perhaps unsurprising in a population of women with an average age of 70 years at randomization. Background medical spending, unrelated to medical conditions affected by treatment, formed the vast majority of overall spending in this study, although participants in WHI were relatively healthy at the time of study entry.
Studies of economic outcomes might reasonably focus on diseasespecific spending to separate any "signal" due to the intervention targeted to specific conditions from the "noise" of background medical spending for unrelated conditions. Clinical trials of interventions for heart failure, for example, might assess only the costs of managing heart failure and ignore the costs of "unrelated" conditions. Focusing on disease-specific costs assumes, however, that the intervention has no important adverse clinical effects, such as increasing cardiac arrhythmias or gastrointestinal bleeding. Although this assumption may be reasonable, any intervention may have unanticipated, off-target effects. 20, 21 In this study, we found that hormone therapy significantly increased some categories of spending (eg, pulmonary embolism, coronary heart disease) and significantly decreased other categories of spending (eg, hip fracture), underscoring the complexity of assessing the net economic impact of a therapy. The design of this study differs considerably from the economic simulation model by Roth et al, 22 which projected the impact on the health care costs of the US population if the WHI trials had never been performed. Their model assessed outcomes for all postmenopausal women, not just women ≥65 years of age as in the present study. Roth et al projected that use of hormone therapy would lead to higher population costs for venous thromboembolism, breast cancer, ischemic heart disease, and stroke. These patterns of spending are similar to those seen in our empirical study of older women in WHI. Roth et al also calculated that there would be substantial costs of administering hormone therapy, including the costs of the medication itself, and the health care visits needed to initiate and monitor therapy. These additional costs were not captured in our data because hormone therapy was provided free of charge in the WHI trials, and the clinic visits and tests to monitor therapy were equalized between the 2 randomized groups by the study protocol to maintain blinding of the treatment assignment. Linkage of clinical trial data to claims data can provide new information about both clinical and economic outcomes, which can be novel and potentially very valuable. Clinical outcomes can be assessed over extended follow-up, including conditions not documented prospectively in the trial, such as atrial fibrillation. The Medicare data in this study also extended follow-up by 2 years beyond the end of clinical follow-up, which could facilitate long-term, routine follow-up in many clinical trials. In addition, comparing the trial participants with members of the general population can assess the generalizability of a clinical trial. The potential advantages of using claims data to capture clinical and economic outcomes are accompanied by several limitations. In the fragmented American health care system, the multiple sources of health insurance coverage mean that there is no comprehensive, universal source of administrative data on health care utilization, so only some patients in a trial can be followed using this method. In the WHI, we were able to study only women 65 years of age and older at entry, and we had no claims data from younger women or from older women without fee-for-service Medicare coverage. As a practical matter, linkage of WHI trial data with Medicare data required an Interagency Agreement between the National Institutes of Health and the Centers for Medicare and Medicaid Services (CMS), with cumbersome limitations on use of Medicare files due to government regulations and privacy concerns. There is no comprehensive agreement between the National Institutes of Health and CMS to link trial data and Medicare data, so each trial would need to establish a separate agreement to perform data linkage. Finally, there is an inevitable delay between the collection of CMS data and their release to researchers, which may impede use of Medicare claims as a method to follow patients in pragmatic clinical trials.
Limitations
This study was limited to women aged 65 years and older with feefor-service Medicare coverage because their claims data were available to document health care utilization and spending. Women 65 years of age or older comprised less than half of all WHI trial participants, however, and our findings may not apply to younger women. Hormone therapy had generally more favorable effects among younger women than among older women, especially in the CEE-alone trial, 18 so its effects on health care costs among younger women are uncertain. Furthermore, younger women have lower overall medical costs, so hormone therapy may lead to proportionately larger changes in spending among younger women. Evaluation of this possibility in the WHI participants would be difficult, however, in light of the multitude of health insurance plans used by younger women. The 37% of WHI participants 65 years of age or older who did not have fee-for-service Medicare coverage were not included in the analytic cohort. These women were largely enrolled in capitated health plans, such as Kaiser Permanente or Group Health Cooperative, whose data on individual health care utilization and costs are not included in CMS research files.
Although there were some differences in the baseline clinical characteristics of older women according to their type of Medicare coverage (Table I) , we do not believe that there were any major differences in outcomes and their attendant costs in these women compared with the analytic cohort. We estimated spending for broad categories of diseases that were specified a priori as likely to be affected by hormone therapy, such as coronary heart disease, invasive breast cancer, and hip fracture. We did not evaluate, however, spending patterns for other specific conditions that might have been affected by hormone therapy, such as abnormal uterine bleeding, pelvic organ prolapse, urinary incontinence, vaginal discharge, gall bladder disease, atrial fibrillation, or dementia. Examination of Medicare utilization and spending related to these, and other specific conditions, tests, and procedures, was beyond the scope of the present study but could be evaluated in future studies. Furthermore, most long-term institutional care of patients with dementia is reimbursed by Medicaid, not by Medicare, and hence was not captured in this study.
Medicare spending in this study occurred between 1993 and 2012, so we adjusted all costs to 2016 dollars using the Consumer Price Index. There are other methods to adjust for inflation, but because any Figure 3 . Mean total and hormone-sensitive spending during the intervention phases of the CEE+MPA trial (median follow 5.1 years) and the CEE-alone trial (median follow-up 6.7 years). The global index spending includes coronary heart disease; invasive breast cancer; pulmonary embolism; stroke; colorectal cancer; hip fracture; and, for the CEE +MPA trial, endometrial cancer. form of adjustment is applied to both treated and control patients, comparisons between the randomized groups should not be greatly affected. When we instead used the Gross Domestic Product deflator to adjust for inflation, overall Medicare spending was about 2.5% lower in all groups, so the between-group comparisons (Table II) were virtually unchanged (data not shown). We did not apply discounting to late follow-up costs, but because the cumulative cost curves were virtually superimposable (Figure 2 ), application of a 3% per year discount did not affect the relative spending patterns in Table II , although it lowered mean overall spending by about 34% in all groups (data not shown). Finally, we did not have Medicare Part D data on spending for prescription drugs, but hormone therapy was provided to WHI participants free of charge. Adding a cost of $1 per day for hormone therapy would have increased overall spending in the CEE+MPA assigned women by roughly $1,900 and in the CEE-alone assigned women by about $2,500.
Conclusions
Hormone therapy in the WHI clinical trials had mixed effects on disease-specific spending, increasing some categories (eg, pulmonary embolism) while decreasing other categories (eg, hip fracture). The offsetting effects of hormone therapy on different disorders, along with the high proportion of background medical costs, led to modest, statistically nonsignificant increases in overall Medicare spending among postmenopausal women assigned to hormone therapy. Whether these results apply to younger women is unknown.
Routine linkage of data from participants in randomized trials with their Medicare claims would provide a powerful tool that leverages the national investment in clinical research. We recommend that the administrative barriers to linking these data be addressed by policy makers at the National Institute of Health and the Center for Medicare and Medicaid Services. 
